metabolic disorders, were chosen as subjects. Before anaesthetic premedication was given, the following determinations were made: respiratory minute volume and respiratory rate were measured over a five-minute period using a face mask and the Wright Respirometer; immediately following the five-minute period, acid-base studies were done using arterialized capillary blood from finger tip or ear lobe, according to the micro method of Astrup. n Anaesthetic premedication, given one hour preoperatively, consisted of an intramuscular injection of atropine 0.4 mg. or 0.6 mg. and pentobarbital 100 mg. or 150 mg. for female and male subjects respectively.
Anaesthesia was induced with a sleep dose of thiopental, and endotracheal intubation was facilitated by an initial dose of 40 or 60 mg. succinylcholine. Paralysis was maintained by a continuous infusion of succinyleholine, and respirat.ions were maintained by a mechanical ventilator.
The subjects were divided into two groups: (a) those in whom anaesthesia was maintained by cyclopropane with oxygen in a closed system (42 patients), and (b) those in whom anaesthesia was maintained by halothane--nitrous-oxide--oxygen in a semi-closed system (43 patients ). In group 1, the patient was exposed to a 50:50 mixture of cyclopropane-oxygen for approximately five minutes, and thereafter the cyclopropane was reduced to between 50 and 100 c.c./min. Oxygen flow was maintained at a rate sufficient to keep the anaesthetic bag adequately filled without overflow. In group 2, the patient was exposed to 3 per cent halothane for approximately five minutes, and thereafter the halothane was reduced to between 1 and 2 per cent. Nitrous oxide flow was 3 L./min. and oxygen flow between 1 and 1.5 L./min. The electrocardiogram was continuously monitored in both groups. The concentration of the anaesthetic agents in the blood or anaesthetic gas was not measured.
Assessment of the depth of anaesthesia was made on clinical grounds. Anaesthesia was considered too light in the presence of increased pulse rate, hypertension, and increase in compliance. Anaesthesia was considered too deep in the presence of decreased pulse rate, hypotension, ventricular ectopic beats, or other changes in the E.C.G. complex such as loss of P-waves or T-wave changes. In each case anaesthesia was adjusted accordingly. Every effort was made to establish a level of anaesthesia which was adequate for the surgery without overdependence on succinylcholine as a relaxant. In some cases the relaxant was not required at all or only in very small quantities to allow artificial respiration at the predetermined respiratory minute volume.
Using the preoperative respiratory measurements as a guide, respiratory patterns were imposed on the subjects which resulted in a sub-group for each agent, (i) those in whom Pco2 increased and (ii) those in whom Pco2 decreased.
Respiratory minute volume was monitored with the Wright Respirometer every few minutes and appropriate adjustments were made to maintain the subject in his sub-group throughout the period of observation, i.e. with increased or decreased Pc%. Acid-base studies were done on arterialized capillary blood every half hour, and values for pH, Pco2, base excess, and standard bicarbonate were obtained.
RESULTS
The 85 patients investigated were divided as shown in Table I . The values for the Pco2 and changes in base excess in mEq./L, for each half hour of anaesthesia are shown for each patient in Figures 1 to 4 (Fig. 7) . These results are also graphed and the number of cases making up each group at the half-hour intervals are shown. Postoperative determinations were done half an hour following arrival in the postanaesthetie recovery room. The data referred to above comprise all cases studied; the recovery time varied in duration from one to two hours. To facilitate a meaningful interpretation of the changes occurring in the immediate postoperative period, only patients whose recovery times were of the same duration are grouped together. The trends for Pco2 and base excess are graphed for recovery periods of 1~ hours" duration ( Fig. 6 ). Where Pco2 had been elevated, it fell but did not return to normal. Where Pco~. had been depressed, it rose to slightly above normal. This is consistent with the respiratory depressant effect of residual anaesthetic gas and postoperative narcotic. It is interesting to note, however, that the metabolic acidosis showed no tendency to correct itself within half an hour.
DISCUSSION
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I. Metabolic acidosis caused by hypoxia from under~entilation.
Metabolic acidosis is a phenomenon associated with tissue hypoxia as seen in shock; 6 ff subjects were suflaciently underventilated one might infer that the metabolic acidosis developed from some degree of hypoxia, r If this were so one might expect to see carbon dioxide retention as a prominent feature of this degree of hypoventilation; conversely, ff the Pco2 were only slightly elevated and the Po2 of the inhaled gas well above atmospheric pressure, one might assume that arterial oxygen tensions were adequate to assure tissue requirements. Since oxygen tension measurements were not available in this study, the empirical inference that patients with Pcoz between 35 and 50 mm. Hg are adequately oxygenated is based on clinical observation, measurement of tidal volume, and administration of gas mixtures of known oxygen content. The patients in whom Pco2 varied from 35 to 50 mm. Hg were analysed separately (Fig. 7) . The trend toward metabolic acidosis in this group is unchanged from that of the total population studied. Since this study was completed, oxygen tension measurements have become available and a series of 22 observations has been carried out under the Tables I-IV. same conditions as above. These show oxygen saturation to be not less than 94 per cent. No evidence can be derived from this study implicating hypoxia as the cause for metabolic acidosis. Measurement of the degree of oxygenation at the cellular level would be far more significant but is, so far, impossible. From these results it seems fair to postulate adequate oxygenation in both series. Work is in progress to establish more data.
Metabolic acidosis caused by primary hypocapnia. During hyperventilation
arterial Pco2 is depressed with a consequent reduction in the ionization of hydro-gen. This results in the arterial pH becoming more alkaline, and homeostatic mechanisms (under normal conditions) bring about a compensatory mobilization of hydrogen ions acting through the kidney, i.e. by a retention of fixed acid or a net loss of bicarbonate. During acute respiratory acidosis the role of the kidney in compensating for electrolyte disturbances is small. Ionic transfers in the extracellular fluid, primarily a cellular sodium hydrogen exchange with sodium entering the cell, account for most of the buffering effect. ~,s,9 If this is the primary mechanism for metabolic acidosis in the hypocapnic group reported here, another explanation for the metabolic acidosis of the hypercapnic group must be sought. Despite the debate on this subiecf which has appeared in the literature, 1~ no satisfactory proof is forthcoming that the CO2 levels per se are the critical factors bringing about metabolic acidosis in anaesthesia.
Metabolic acidosis caused by inadequate oxygenation of tissues due to decreased cardiac output.
Artificial hyperventilation, ff vigorously applied, theoretically can reduce venous return through loss of the pumping action of the intermittent negative pressure created in the chest by spontaneous respiration and the inhibition of venous return of blood to the heart by the intermittent positive pressure of artificial respiration. One would expect, ff this were a factor in this series, to see a steadily declining blood pressure if venous return were seriously impaired. Such was not the case. In the cyclopropane group blood pressure tended to be higher than preoperative levels, irrespective of Pco2, and in the halothane group blood pressure tended to be lower than preoperative levels. Yet the trend to metabolic acidosis is statistically the same in each.
Metabolic acidosis caused by hypothermia.
While the patients in our series were not subjected to any hypothermic technique, in general the body temperature of patients undergoing anaesthesia tends to fall to a varying degree according to the temperature of the operating room, the body area exposed, probably the depth and duration of anaesthesia, and the anaesthetic technique. As the temperature drops there is a shift in the hydrogen ion concentration which increases the acidity of the blood, n The shift is reversed when the blood is restored to body temperatttre. This change is represented by the formula apH = --0.0146 9 AT in ~ n In the usual general anaesthetic the body temperature can drop 2 to 3 ~ The sample of blood is analysed at 37 ~ C. and ff corrections for change in temperature are applied according to the above formula there is no appreciable change from the uncorrected determinations. However, the decreased temperature in itself is not a normal state and to avoid the possibility of a relationship existing between metabolic acidosis and decreased temperature per se, an additional series of cases was studied where the temperature was maintained by thermal blanket. 'The final results were consistent with the previous findings, i.e. the trend to metabolic acidosis is uninfluenced by maintenance of body temperature between 97 ~ and 98.6 ~ F.
Metabolic acidosis caused by administration of blood.
It is well established that stored blood develops a metabolic acidosis and ff given in quantity could influence the acid-base state of the whole organism. This factor can be dismissed in this study, however, because only six patients received blood and none of these received any until after the first hour of anaesthesia.
6. Metabolic acidosis from hypoxia due to the direct interference with meta. bolism by the anaesthetic agent. An increase in blood lactic acid is almost synonymous with anaerobic cellular metabolism and its measurement has come to be used as a guide in estimating the degree of hypoxia in shock states. 6 If it could be shown that the metabolic acidosis of anaesthesia is in whole or in part due to lactic acid one might speculate that the anaesthetic agent itself somehow altered cellular metabolism to interfere with oxygen consumption, obliging the cells to resort in some degree to anaerobic metabolism. Various authors have reported small increases or decreases in lactic acid during anaesthesia, but results are by no means consistent or conclusive? ,12,13 It may be that the elucidation of any relationships between anaesthesia and levels of metabolic acids such as lactic, pyruvic, citric, and total keto will await the development of techniques to study their concentrations at the cellular level.
In any case, no single satisfactory explanation for the development of metabolic acidosis in anaesthesia has been developed which accounts for the various situations in which it is known to occur. The magnitude of the disturbance is rarely sufficient to warrant consideration of corrective measures but the unexplained fact of its occurrence continues to provoke the attention of those interested in how anaesthetic agents work.
SUMMARY AND CONCLUSIONS
Acid-base studies were done on 85 healthy subjects undergoing elective surgery during anaesthesia with cyclopropane and halothane. All patients were subjected to artificial respiration with a mechanical assistor-breather, and respiratory minute volume was adiusted to produce a group with elevated Pco~ and a group with depressed Pco2 for each anaesthetic agent. Half-hourly acid-base observations showed metabolic acidosis to develop in both cyclopropane and halothane anaesthesia irrespective of the level of Pco2 and to be progressive with time. The extent of metabolic acidosis with eyclopropane is not statistically different from that with halothane. The possible causes for metabolic acidosis in anaesthesia with these two agents are briefly discussed.
R~su~
On a fait des 6tudes de l'6quilibre acide-base chez 85 sujets en bonne sant6 au cours d'une anesth6sie au cyclopropane et ~ l'halothane pour chirurgie 61ective,~ Tousles malades ont &6 plac6s sous respirateur m6canique et le volume minute a 6t6 ajust6 pour provoquer une 616vation de Pco2 dans un groupe et une d~pres-sion dans un autre groupe, et ceci pour chaque agent anesth6sique. Des observations faites ~ toutes les demi-heures ont montr6 rapparition d'acidose m&abolique sous cyclopropane et sous halothane, ind6pendamment du niveau de Pco2; et cette acidose allait en croissant, a mesure clue l'anesth6sie se prolongeait. Au point de rue des statistiques, le degr~ d'acidose m&abolique des Gas de cyclopropane ne
